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Status of Exclusive Baryonic B Decays
Hai-Yang Cheng
Institute of Physics, Academia Sinica, Taipei, Taiwan 115, Republic of China
The status of exclusive two-body and three-body baryonic B decays is reviewed. The threshold
peaking effect in baryon pair invariant mass is stressed and explained. Weak radiative baryonic B
decays mediated by the electromagnetic penguin process are discussed.
PACS numbers: 13.25.Hw, 14.20.pt, 14.20.Lq
I. INTRODUCTION
A unique feature of hadronic B decays is that the B
meson is heavy enough to allow a baryon-antibaryon pair
production in the final state. During the Lepton-Photon
Conference in 1987, ARGUS announced the first mea-
surement of the decay modes pp¯pi± and pp¯pi+pi− in B de-
cays at the level of 10−4 [1]. Although this observation
of charmless baryonic B decays was immediately ruled
out by CLEO [2], it nevertheless has stimulated exten-
sive theoretical studies during the period of 1988-1992.
Several different model frameworks have been proposed:
the constituent quark model [3], the pole model [4, 5],
the QCD sum rule [6], the diquark model [7] and flavor
symmetry considerations [8].
However, experimental and theoretical activities in
baryonic B decays suddenly faded away after 1992. This
situation was dramatically changed in the past three
years. Interest in this area was revived by many new
measurements at CLEO and Belle followed by several
theoretical studies.
A. Experimental status
two-body decays: Except for the recently measured B
0 →
Λ+c p¯ by Belle [9]
B(B0 → Λ+c p¯) = (2.19+0.56−0.49 ± 0.32± 0.57)× 10−5,(1)
none of the two-body baryonic B decays has been ob-
served. The experimental upper limits are summarized
in Tables I and III for charmless and charmful decays,
respectively. We see that the present limit on charmless
ones is generally of order 10−6 except for the pp¯ mode
which was recently pushed down to the level of 2.7×10−7
by BaBar [10].
three-body decays: Unlike the two-body case, the mea-
surements of three-body or four-body baryonic B de-
cays are quite fruitful and many new results have been
emerged in recent years. For the charmless case, Belle
[13] has observed 5 modes, see Table II. The channel
B− → pp¯K− announced by Belle nearly two years ago
[14] is the first observation of charmless baryonicB decay.
Table III summarizes the measured branching ratios
of charmful baryonic decays with a charmed meson or a
charmed baryon in the final state. In general, Belle [15]
TABLE I: Experimental upper limits on the branching ratios
of charmless two-body baryonic B decays.
Decay CLEO [11] Belle [12] BaBar [10]
B
0
→ pp¯ 1.4 × 10−6 1.2× 10−6 2.7× 10−7
B
0
→ ΛΛ¯ 1.2 × 10−6 1.0× 10−6
B− → Λp¯ 1.5 × 10−6 2.2× 10−6
B− → p∆¯−− 1.5 × 10−4
B− → ∆0p¯ 3.8 × 10−4
B
0
→ ∆++∆−− 1.1 × 10−4
B
0
→ ∆0∆¯0 1.5 × 10−3
TABLE II: Branching ratios of charmless three-body baryonic
B decays measured by Belle [13].
Decay Br(10−6)
B
0
→ Λp¯pi+ 3.97+1.00−0.80 ± 0.56
B− → pp¯K− 5.66+0.67−0.57 ± 0.62
B− → pp¯K∗− 10.3+3.6+1.3−2.8−1.7
B
0
→ pp¯KS 1.88
+0.77
−0.60 ± 0.23
B− → pp¯pi− 3.06+0.73−0.62 ± 0.37
B
0
→ Λp¯K+ < 0.82
B
0
→ Σ0p¯pi+ < 3.8
and CLEO [16] results are consistent with each other ex-
cept for the ratio of Σ++c p¯pi
− to Σ0c p¯pi
+. The Σ++c decay
proceeds via both external and internal W -emission di-
agrams, whereas the Σ0c decay can only proceed via an
internal W emission. While Belle measurements imply a
sizable suppression for the Σ0c decay (and likewise for the
Σc1 decay), it is found by CLEO that Σ
++
c p¯pi
−, Σ0c p¯pi
+
and Σ0c p¯pi
0 are of the same order of magnitude. There-
fore, it is concluded by CLEO that the externalW decay
diagram does not dominate over the internalW -emission
diagram in Cabibbo-allowed baryonic B decays. This
needs to be clarified by the forthcoming improved mea-
surements. The decay B− → J/ψΛp¯ was recently mea-
sured by BaBar with the branching ratio (12+9
−6) × 10−6
[17] and an upper limit 4.1× 10−5 was set by Belle [18].
A common and unique feature of the spectrum for B →
B1B2M (e.g. B0 → Λp¯pi+) is the threshold enhancement
behavior of the baryon-pair invariant mass (see Fig. 1):
It sharply peaks at very low values. That is, the B meson
is preferred to decay into a baryon-antibaryon pair with
2TABLE III: Experimental measurements of the branching ratios (in units of 10−4) for the B decay modes with a charmed
baryon Λc or Λc1 = Λc(2593),Λc(2625) or Σc(2455) or Σc1 = Σc(2520) or a charmed meson in the final state.
Mode Belle [9, 15] CLEO [16]
B− → Λ+c p¯pi
−pi0 18.1 ± 2.9+2.2−1.6 ± 4.7
B
0
→ Λ+c p¯pi
+pi− 11.0± 1.2± 1.9± 2.9 16.7 ± 1.9+1.9−1.6 ± 4.3
B− → Λ+c p¯pi
− 1.87+0.43−0.40 ± 0.28± 0.49 2.4 ± 0.6
+0.19
−0.17 ± 0.6
B
0
→ Λ+c p¯ 0.22
+0.06
−0.05 ± 0.03± 0.06 < 0.9
B− → Λ+
c1p¯pi
− < 1.9
B
0
→ Λ+
c1p¯ < 1.1
B− → Σ++c p¯pi
−pi− 2.8 ± 0.9 ± 0.5 ± 0.7
B− → Σ0c p¯pi
+pi− 4.4 ± 1.2 ± 0.5 ± 1.1
B
0
→ Σ++c p¯pi
− 2.38+0.63−0.55 ± 0.41± 0.62 3.7 ± 0.8 ± 0.7 ± 0.8
B
0
→ Σ0c p¯pi
+ 0.84+0.42−0.35 ± 0.14± 0.22 < 1.59 2.2 ± 0.6 ± 0.4 ± 0.5
B− → Σ0c p¯pi
0 4.2 ± 1.3 ± 0.4 ± 1.0
B− → Σ0c p¯ 0.45
+0.26
−0.19 ± 0.07± 0.12 < 0.93 < 0.8
B
0
→ Σ++
c1 p¯pi
− 1.63+0.57−0.51 ± 0.28± 0.42
B
0
→ Σ0c1p¯pi
+ 0.48+0.45−0.40 ± 0.08± 0.12 < 1.21
B− → Σ0c1p¯ 0.14
+0.15
−0.09 ± 0.02± 0.04 < 0.46
B
0
→ D∗+np¯ 14.5+3.4−3.0 ± 2.7
B
0
→ D0pp¯ 1.18± 0.15 ± 0.16
B
0
→ D∗0pp¯ 1.20+0.33−0.29 ± 0.21
low invariant mass accompanied by a fast recoil meson.
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FIG. 1: The pΛ¯ invariant mass distribution of B0 → Λ¯ppi−
[13].
Now it is well established experimentally that
B(B− → Λ+c p¯pi−) ≫ B(B
0 → Λ+c p¯),
B(B− → pp¯K−) ≫ B(B0 → pp¯),
B(B− → Σ0c p¯pi0) ≫ B(B− → Σ0c p¯). (2)
Therefore, some three-body final states have rates larger
than their two-body counterparts. This phenomenon can
be understood in terms of the threshold effect, namely,
the invariant mass of the baryon pair is preferred to be
close to the threshold. The configuration of the two-body
decay B → B1B2 is not favorable since its invariant mass
is mB. In B → B1B2M decays, the effective mass of the
baryon pair is reduced as the emitted meson can carry
away much energies.
B. Theoretical progress
Since baryonic B decays involve two baryons, it is ex-
tremely complicated and much involved. Nevertheless,
there are some theoretical progresses in the past three
years.
It is known that two-body baryonic B decays are dom-
inated by nonfactorizable contributions that are difficult
to evaluate. This nonfactorizable effect can be evalu-
ated in the pole model. Using the MIT bag model to
evaluate the weak matrix elements and the 3P1 model
to estimate the strong coupling constants, it is found in
[19] and [20] that the charmless and charmful two-body
decays can be well described. Chang and Hou [21] have
generalized the original version of the diquark model in
[7] to include penguin effects, but no quantitative predic-
tions have been made. In the past year, a diagrammatic
approach has been developed for both charmful [22] and
charmless [23] decays.
As pointed out by Dunietz [24] and by Hou and Soni
[25], the smallness of the two-body baryonic decay B →
B1B2 has to do with a straightforwardDalitz plot analysis
or with the large energy release. Hou and Soni conjec-
tured that in order to have larger baryonic B decays, one
has to reduce the energy release and at the same time
allow for baryonic ingredients to be present in the final
state. This is indeed the near threshold effect mentioned
before. Of course, one has to understand the underlying
origin of the threshold peaking effect.
Contrary to the two-body baryonic B decay, the three-
body decays do receive factorizable contributions that
fall into two categories: (i) the transition process with a
meson emission, 〈M |(q¯3q2)|0〉〈B1B2|(q¯1b)|B〉, and (ii) the
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FIG. 2: Quark and pole diagrams for two-body baryonic B decay B → B1B2, where the symbol • denotes the weak vertex.
current-induced process governed by the factorizable am-
plitude 〈B1B2|(q¯1q2)|0〉〈M |(q¯3b)|B〉. The two-body ma-
trix element 〈B1B2|(q¯1q2)|0〉 in the latter process can be
either related to some measurable quantities or calculated
using the quark model. The current-induced contribution
to three-body baryonic B decays has been discussed in
various publications [26, 27, 28]. On the contrary, it is
difficult to evaluate the three-body matrix element in the
transition process and in this case one can appeal to the
pole model [19, 20, 29].
Weak radiative baryonic B decays B → B1B2γ medi-
ated by the electromagnetic penguin process b→ sγ may
have appreciable rates. Based on the pole model, it is
found that B− → Λp¯γ and B− → Ξ0Σ¯−γ have sizable
rates and are readily accessile [30].
II. 2-BODY BARYONIC B DECAYS
As shown in Fig. 2, the quark diagrams for two-body
baryonic B decays consist of internal W -emission dia-
gram, b → d(s) penguin transition, W -exchange for the
neutral B meson and W -annihilation for the charged
B. Just as mesonic B decays, W -exchange and W -
annihilation are expected to be helicity suppressed and
the former is furthermore subject to color suppression.
Therefore, the two-body baryonic B decay B → B1B2
receives the main contributions from the internal W -
emission diagram for tree-dominated modes and the pen-
guin diagram for penguin-dominated processes.
These amplitudes are nonfactorizable in nature and
thus very difficult to evaluate directly. In order to cir-
cumvent this difficulty, it is customary to assume that
the decay amplitude at the hadron level is dominated by
the pole diagrams with low-lying one-particle intermedi-
ate states. The general amplitude reads
A(B → B1B2) = u¯1(A+Bγ5)v2, (3)
where A and B correspond to p-wave parity-violating
(PV) and s-wave parity-conserving (PC) amplitudes, re-
spectively. In the pole model, PC and PV amplitudes
are dominated by 12
+
ground-state intermediate states
and 12
−
low-lying baryon resonances, respectively. This
pole model has been applied successfully to nonleptonic
decays of hyperons and charmed baryons [31, 32]. In
general, the pole diagram leads to
A = −
∑
B∗
b
gB∗
b
→BB2 bB∗bB1
m1 −mB∗
b
, B =
∑
Bb
gBb→BB2 aBbB1
m1 −mBb
. (4)
There are two unknown quantities in the above equa-
tion: weak matrix elements and strong couplings. For
the former we employ the MIT bag model to evaluate
the baryon-to-baryon transitions [19]. For the latter,
there are two distinct models for quark pair creation: (i)
the 3P0 model in which the qq¯ pair is created from the
vacuum with vacuum quantum numbers. Presumably it
works in the nonperturbative low energy regime, and (ii)
the 3S1 model in which the quark pair is created pertur-
batively via one gluon exchange with one-gluon quantum
numbers 3S1. Since the light baryons produced in two-
body baryonic B decays are very energetic, it appears
that the 3S1 model may be more relevant.
TABLE IV: Predictions of charmful two-body baryonic B de-
cays. Experimental results are taken from Table III.
[5] [20] Expt.
B
0
→ Λ+c p¯ 1.1× 10
−3 1.1× 10−5 (2.19± 0.84) × 10−5
B− → Σ0c p¯ 1.5× 10
−2 6.0× 10−5 < 8.0 × 10−5
B
0
→ Σ0c n¯ 5.8× 10
−3 6.0× 10−7
B− → Λ+c ∆¯
−− 3.6× 10−2 1.9× 10−5
The predictions for charmful B → B1B2 decays are
summarized in Table IV. All earlier predictions based on
the sum-rule analysis, the pole model and the diquark
model are too large compared to experiment. Note that
we predict that B− → Σ0c p¯ has a larger rate than B
0 →
Λcp¯ since the former proceeds via the Λb pole while the
latter via Σb pole and the ΛbNB¯ coupling is larger than
ΣbNB¯ [20]. Therefore, it is important to measure the
Σ0c p¯ production to test the pole model.
From Table V we see that the charmless two-body
baryonic decays are predicted at the level of 10−7. This
is consistent with the observation of B
0 → Λ+c p¯ after a
simple scaling of |Vub/Vcb|2.
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FIG. 3: Quark and pole diagrams for three-body baryonic B decay B → B1B2M , where the symbol • denotes the weak vertex.
TABLE V: Predictions of the branching ratios for some
charmless two-body baryonic B decays classified into two
categories: tree-dominated and penguin-dominated. Branch-
ing ratios denoted by “†” are calculated only for the parity-
conserving part. Experimental limits are taken from Table
I.
[6] [5] [19] Expt.
B
0
→ pp¯ 1.2× 10−6 7.0× 10−6 1.1× 10−7† < 2.7× 10−7
B
0
→ nn¯ 3.5× 10−7 7.0× 10−6 1.2× 10−7†
B− → np¯ 6.9× 10−7 1.7× 10−5 5.0× 10−7
B
0
→ ΛΛ¯ 2× 10−7 0† < 1.0× 10−6
B− → p∆¯−− 2.9× 10−7 3.2× 10−4 1.4× 10−6 < 1.5× 10−4
B
0
→ p∆¯− 7× 10−8 1.0× 10−4 4.3× 10−7
B− → n∆¯− 1× 10−7 4.6× 10−7
B
0
→ n∆¯0 1.0× 10−4 4.3× 10−7
B− → Λp¯ <∼ 3× 10
−6 2.2× 10−7† < 1.5× 10−6
B
0
→ Λn¯ 2.1× 10−7†
B
0
→ Σ+p¯ 6× 10−6 1.8× 10−8†
B− → Σ0p¯ 3× 10−6 5.8× 10−8†
B− → Σ+∆¯−− 6× 10−6 2.0× 10−7
B
0
→ Σ+∆¯− 6× 10−6 6.3× 10−8
B− → Σ−∆¯0 2× 10−6 8.7× 10−8
III. 3-BODY BARYONIC B DECAYS
In the three-body baryonic decay, the emission of the
mesonM will carry away energies in such a way that the
invariant mass of B1B2 becomes smaller and hence it is
relatively easier to fragment into the baryon-antibaryon
pair. One can also understand this feature more con-
cretely by studying the Dalitz plot. Due to the V − A
nature of the b → udu¯ process, the invariant mass of
the diquark ud peaks at the highest possible values in a
Dalitz plot for b→ udd¯ transition [33]. If the ud forms a
nucleon, then the very massive udq objects will intend to
form a highly excited baryon state such as ∆ and N∗ and
will be seen as Nnpi(n ≥ 1) [24]. This explains the non-
observation of the NN final states and why the three-
body mode NNpi(ρ) is favored. Of course, this argument
is applicable only to the tree-dominated processes.
The quark diagrams and the corresponding pole dia-
grams for decays of B mesons to the baryonic final state
B1B2M are more complicated. In general there are two
external W -diagrams Figs. 3(a)-3(b), four internal W -
emissions Figs. 3(c)-3(f), and one W -exchange Fig. 3(g)
for the neutral B meson and one W -annihilation Fig.
3(h) for the charged B. Because of space limitation, pen-
guin diagrams are not drawn in Fig. 3; they can be ob-
tained from Figs. 3(c)-3(g) by replacing the b → u tree
transition by the b→ s(d) penguin transition. Under the
factorization hypothesis, the relevant factorizable ampli-
tudes are proportional to 〈M |(q¯3q2)|0〉〈B1B2|(q¯1b)|B〉 for
Figs. 3(a) and 3(c), and to 〈B1B2|(q¯1q2)|0〉〈M |(q¯3b)|B〉
for Figs. 3(b) and 3(d). For Figs. 3(b) and 3(d) the two-
body matrix element 〈B1B2|(q¯1q2)|0〉 for octet baryons
can be related to the e.m. form factors of the nucleon.
For Figs. 3(a) and 3(c) we will consider the pole diagrams
to evaluate 3-body matrix elements. The 3-body ma-
trix element 〈B1B2|(q¯1b)|B〉 receives contributions from
point-like contact interaction (i.e. direct weak transition)
and pole diagrams [19].
We consider the decayB− → Λ+c p¯pi− as an illustration.
It receives resonant and nonresonant contributions. The
factorizable nonresonant amplitude reads
A(B− → Λ+c p¯pi−)fact =
GF√
2
VcbV
∗
ud
{
a1〈pi−|(d¯u)|0〉
×〈Λ+c p¯|(c¯b)|B−〉
+a2〈pi−|(d¯b)|B−〉〈Λ+c p¯|(c¯u)|0〉
}
≡ A1 +A2. (5)
The factorizable amplitude A2 can be directly calculated
[20]. For the amplitude A1 we evaluate the baryon and
meson pole diagrams in Fig. 4. Let’s consider the baryon
pole due to Λb in Fig. 4(a) whose propagator is given by
1/(m2Λb−m2Λcpi). In the heavy quark limit, this propaga-
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FIG. 4: Quark and pole diagrams for B− → Λ+c p¯pi
−, where
the solid blob denotes the weak vertex. (a) and (b) corre-
spond to factorizable external and internal W -emission con-
tributions, respectively, while (c) to nonfactorizable internal
W -emission diagrams.
tor is not 1/m2b suppressed at the region where the invari-
ant mass of Λcpi pair is large, for example, when the pion
carries away much energies. For the meson poles in Figs.
4(a) and 4(b), the D meson propagator 1/(m2D −m2Λcp¯)
is enhanced when the invariant mass of Λcp¯ is near the
threshold. This is equivalent to the Λcp¯ form factor sup-
pression at large momentum transfer. Therefore, as far
as the factorizable diagrams Figs. 4(a) and 4(b) are con-
cerned, the most favorable configuration is that the ef-
fective mass of Λcp¯ is at its lowest value. It should be
stressed that this configuration is not favored in Fig. 4(c).
However, the latter contribution is nonfactorizable and
hence it is presumably suppressed. Note that the mea-
sured spectrum can be used to constrain the momentum
dependence of baryon-pair form factors.
The pole diagram of Fig. 2(a) for two-body decays is
always 1/m2b suppressed and this explains why the three-
body baryonic B decays can have rates larger than their
two-body counterparts.
Many of 3-body baryonic B decays have been studied
in [19, 20, 26, 27, 28, 29]. Because of space limitation,
we will focus on a few of the prominent features of them:
• About 1/4 of the B− → Λ+c p¯pi− rate comes from
resonant contributions [20].
• Contrary to B0 → D(∗)+np¯ decays where the
D∗+/D+ production ratio is anticipated to be of
order 3, the D∗0/D0 production ratio in color sup-
pressed B
0 → D(∗)0pp¯ decays is consistent with
unity experimentally (see Table III). It is shown in
[29] that the similar rates for D0pp¯ and D∗0pp¯ can
be understood within the framework of the pole
model as the former is dominated by the axial-
vector meson states, whereas the other modes pro-
ceed mainly through the vector meson poles.
• The spectrum of B → D0pp¯ is predicted to have
a hump at large pp¯ invariant mass mpp¯ ∼ 2.9 GeV
[29] (see Fig. 5), which needs to be confirmed by
forthcoming experiments.
• Charmless decays B− → pp¯K−(K∗−) are penguin-
dominated and have the branching ratios
B(B− → pp¯K−) ≈ 4.0× 10−6,
B(B− → pp¯K∗−) ≈ 2.3× 10−6, (6)
predicted by the pole model [19]. It is naively ex-
pected that pp¯K∗− < pp¯K− due to the absence of
a6 and a8 penguin terms to the former. The Belle
observation of a large rate for the K∗ production
(see Table II) is thus unexpected. Also, it is non-
trivial to understand the observed sizable rate of
B
0 → pp¯K0 [19, 28].
• The decay B → Λp¯pi was previously argued to be
small (< 10−6) and suppressed relative to Σ0p¯pi+
[19]. The sizable branching ratio of the former
∼ 4.0 × 10−6 observed recently by Belle [13] can
be understood now as a proper treatment of the
pseudoscalar form factor arising from penguin ma-
trix elements [28].
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FIG. 5: The predicted pp¯ invariant mass distribution of B
0
→
D0pp¯ [29]. The experimental data are taken from [15].
IV. RADIATIVE BARYONIC B DECAYS
Naively it appears that the bremsstrahlung process
will lead to Γ(B → B1B2γ) ∼ O(αem)Γ(B → B1B2)
with αem being an electromagnetic fine-structure con-
stant and hence the radiative baryonic B decay is fur-
ther suppressed than the two-body counterpart, mak-
ing its observation very difficult at the present level of
sensitivity for B factories. However, there is an im-
portant short-distance electromagnetic penguin transi-
tion b → sγ. Owing to the large top quark mass, the
amplitude of b → sγ is neither quark mixing nor loop
suppressed. Moreover, it is largely enhanced by QCD
corrections. As a consequence, the short-distance con-
tribution due to the electromagnetic penguin diagram
dominates over the bremsstrahlung. This phenomenon
is quite unique to the bottom hadrons which contain a
heavy b quark; such a magic short-distance enhancement
does not occur in the systems of charmed and strange
hadrons.
6Consider the Λb pole diagram and apply heavy quark
spin symmetry and static b quark limit to relate the ten-
sor matrix element appearing in
〈Λ(pΛ)γ(ε, k)|HW |Λb(pΛb)〉 = −i
GF√
2
e
8pi2
V ∗tsVtb
×2ceff7 mbεµkν〈Λ|s¯σµν(1 + γ5)b|Λb〉 (7)
to the Λb → Λ form factors. The decay rate depends
on the strong coupling of ΛbB
+p¯ and Λb → Λ transition
form factors [30] and it is found [35]:
B(B− → Λp¯γ) ≈ B(B− → Ξ0Σ¯−γ)
∼ 1.2× 10−6. (8)
Therefore, penguin-induced radiative baryonic B decay
modes should be readily accessible by B factories. Re-
cently, CLEO [34] has made the first attempt of measur-
ing radiative baryonic B decays:
[B(B− → Λp¯γ) + 0.3B(B− → Σ0p¯γ)]Eγ>2.0GeV
< 3.3× 10−6. (9)
Theoretically, the production of Σ0p¯γ is suppressed rela-
tive to Λp¯γ [30].
V. CONCLUSION
Experimental and theoretical progresses in exclusive
baryonic B decays in the past few years are impressive.
The threshold peaking effect in baryon pair invariant
mass is a key ingredient in understanding three-body de-
cays. The weak radiative baryonic decays B− → Λp¯γ
and B− → Ξ0Σ¯−γ mediated by the electromagnetic pen-
guin process b→ sγ have branching ratios of order 10−6
and should be readily accessible experimentally.
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